Objective-In view of the possible role of androgens in the pathogenesis of rheumatoid arthritis (RA), this study investigated the association between repeat lengths of CAG microsatellites of the androgen receptor (AR) gene and RA. Methods-The number of CAG repeats in exon 1 of the AR gene was determined in 90 men and 276 women with RA, as well as in 305 male and 332 female controls. Results-The male RA patients tended to have shorter repeats than the male controls (22.5 versus 23.1, p=0.07), whereas the female RA patients had similar repeats to the female controls (22.7 versus 22.9, p=0.17). Patients of both sexes were divided into younger and older age at onset groups, and compared with younger and older controls. Younger onset male RA patients had significantly shorter CAG repeat lengths than the younger male controls (21.8 versus 23.2, p=0.007) or the older onset male RA patients (21.8 versus 23.2, p=0.04). Older onset male RA and both younger and older onset female RA patients had similar CAG repeat lengths when compared with their controls. Neither seropositivity nor rheumatoid nodule positivity had a significant relation with CAG repeat lengths. Conclusion-Shorter CAG repeats of the AR gene, presenting high levels of transactivation activity, are related to younger age onset male RA, suggesting the possible role of androgens as a modulating factor.
The role of androgens in the pathogenesis of rheumatoid arthritis (RA) has been discussed. [1] [2] [3] [4] In men, a number of studies have suggested an aetiological role of lower serum testosterone levels in developing RA.
1 Genetic association in RA is well recognised, 5 and evidence suggests a linkage between testosterone levels and MHC in both mice and humans. 6 7 Tissue response to androgen is determined by the androgen receptor (AR), which is located in chromosome X, and activates the expression of other genes. This regulatory activity resides in the NH2 terminal domain of the protein, encoded by exon 1. Recent studies have shown that this exon contains a polymorphic CAG repeat sequence that normally ranges from approximately 8 to 31 repeats. In vitro, the length of the CAG repeats correlates inversely with transcriptional activity by the AR. 8 More than double the average number of CAG repeats were found in the AR genes of patients with spinal and bulbar muscular atrophy associated with mild androgen insensitivity, and the AR in those patients had a reduced transactivation activity despite displaying normal androgen binding activity. 9 In view of the possible role of androgens in developing RA and the importance of genetic factors in RA, we investigated the relation between the CAG microsatellite repeat lengths of the AR gene and RA.
Methods

SUBJECTS
A total series of 367 consecutive patients with RA, who visited our outpatient clinic between October 1996 and April 1998, were studied. They all fulfilled the American College of Rheumatology 1987 criteria. 10 Ninety were men and 277 were women. The clinical features of the patients, such as age at onset, seropositivity, and the presence of nodules, were recorded. Determination of the age at onset was based on the patient's recollection. Peripheral blood was collected for the analysis of AR gene polymorphisms. The blood samples of 641 controls (306 men and 335 women) that underwent an annual health care check held by several communities were also analysed.
ANALYSIS OF CAG REPEATS OF THE AR GENE
Analysis of CAG repeats of the AR gene was performed according to the method previously reported 11 with a slight modification. Briefly, 100 ng of genomic DNA, extracted from peripheral blood, was amplified by two rounds of a polymerase chain reaction (PCR) in a series using nested primers surrounding the CAG repeat in exon 1 of the AR gene. Instead of autoradiography using radiolabelled dCTP in the second PCR, the final products, electrophoresed in 6% denaturing gels, were visualised by the silver staining method. To determine the number of CAG repeats, all of the final products of diVerent sizes were sequenced using the ABI 310 sequencer (Perkin Elmer, CA, USA) according to the manufacturer's instructions.
STATISTICAL ANALYSIS
Student's t test was used when the number of CAG repeats was compared between two groups. For the analysis of relative risk, an odds ratio (OR), 95% confidence intervals (CI), and p value were calculated. The software application used for the analysis was SPSS (SPSS Inc, Chicago, USA).
Results
CLINICAL CHARACTERISTICS OF RA PATIENTS
The number of CAG repeats of the AR gene could not be identified in one female and one male RA patient, or in three female controls. As a result, 90 male and 276 female RA patients, and 305 male and 332 female controls were included in the study. Ages of RA patients at presentation ranged from 22 to 82 (mean 60.1) for men and from 25 to 85 (mean 56.5) for women. The age at onset of RA was from 18 to 82 (mean 51.6) for men and from 17 to 81 (mean 45.0) for women, the diVerence between both sexes being significant (p<0.001).
Serum rheumatoid factor positivity was 92.2% for men and 93.5% for women, while rheumatoid nodule positivity was 13.3% for men and 12.0% for women. The age of the controls was from 17 to 91 (mean 48.9) for men and from 20 to 87 (mean 43.6) for women.
CAG REPEATS OF THE AR GENE IN OVERALL RA
Because the AR gene is mapped to chromosome X, men have one allele and women two. We therefore analysed 552 alleles in the female RA patients and 664 alleles in the female controls. Table 1 shows the frequency distribution of the number of CAG repeats and mean lengths of CAG repeats by sex. The male RA patients tended to have shorter CAG repeats than the male controls (mean 22.5 versus 23.1, 95%CI for diVerence: −0.04, 1.37, p=0.07), whereas the female patients had similar CAG repeat lengths to the female controls (mean 22.7 versus 22.9, 95%CI for diVerence: −0.09, 0.54, p=0.17).
CAG REPEATS OF THE AR GENE IN YOUNGER AND OLDER ONSET GROUPS
The RA patients were divided into two groups, younger and older age at onset, with the median value of onset age chosen as the cut off point (55 years for male RA and 46 years for female RA patients). Male and female controls were also divided into younger and older groups with the same cut oV point (55 years for men and 46 years for women). Table 2 shows the frequency distribution and the mean values of CAG repeat lengths by onset age group and sex. The younger onset male patients (onset age <55) had significantly shorter mean CAG repeat lengths compared with the younger male controls (mean 21.8 versus 23.2, 95%CI for diVerence: 0.37, 2.35, p=0.007). The older onset male patients (onset age >55) had similar lengths as compared with the older male controls (mean 23.2 versus 23.0, 95%CI for diVerence: −1.15, 0.86, p=0.77). The mean number of CAG repeats was also statistically diVerent between the younger onset and the older onset male patients (mean 21.8 versus 23.2, 95%CI for diVerence: 0.64, 2.60, p=0.04). In women, there were no significant diVerences in repeat lengths between the younger onset (onset age <46) patients and the younger controls (mean 22.7 versus 22.9, 95%CI for diVerence: −0.18, 0.70, p=0.25) or between the older onset (onset age >46) patients and the older controls (mean 22.7 versus 22.9, 95%CI for diVerence: −0.28, 0.64, p=0.43).
Notably, there were five patients with CAG repeat lengths of less than 18 in the younger onset male RA group, but none in the older onset male RA group (table 2). The OR of having shorter CAG repeats (<18) among younger onset male RA patients was 6.08 versus the younger male controls (95%CI for difference: 1.77, 20.81, p=0.001), although the selection of the cut oV point (18 repeats) was not arbitrary.
Because women have two AR gene alleles, the mean lengths of the shorter and longer CAG repeats of the two were separately compared between the overall, the younger onset and the older onset female patients, and their female controls. However, none of these analyses found any significant diVerences between the patient and the control groups (data not shown).
The mean CAG repeat lengths were compared between seropositive and seronegative patients, and between rheumatoid nodule positive and negative patients by sex. As table 3 shows, there was no significant relation between these clinical variables and CAG repeat lengths for either sex.
Discussion
This study showed a relation between shorter CAG repeat lengths of the AR gene and younger onset male RA. The results of this study are in contrast with our previous report that found that some variants of the oestrogen receptor gene are related to the age at onset of female RA patients. 12 As reviewed by Cutolo and Masi, 1-4 the evidence suggests that a physiological concentration of oestrogens stimulates immune response, while male hormones suppress it. The length of the polymorphic CAG repeats is considered to have an inverse relation with the transcriptional activity of the AR. 8 Postulating that shorter CAG repeats evoke heightened androgenic stimulation, our results might contradict accumulating evidence showing that lower androgen levels are associated with RA.
At present, there are no known data regarding the interactions among AR CAG repeat lengths and serum androgen levels. However, one possible explanation would be that short form AR with other genetic factors leads to low levels of testosterone. In fact, cytochrome P450 17ahydroxylase/ C17-20 lyase (P450c17 ), a key enzyme for androgen synthesis, is negatively regulated by testosterone through an AR mediated mechanism in Leidig cells. 13 In addition, cytochrome P450 aromatase, an enzyme that convert androgen to oestrogen, is increased by testosterone through an AR mediated feed forward system.
14 Increased transcriptional activity of short form AR might therefore reduce the serum testosterone levels.
The results of this study must be contrasted with those of prostatic cancer, in which shorter CAG repeat lengths were found to be a significant risk factor for developing the disease. 15 Shorter CAG repeat lengths (<18) of the AR are closely related to overall prostatic cancer, especially to an aggressive phenotype. 16 In this study, short form AR (<18) was related to younger male RA pateints. From these findings, it is possible to speculate that men having shorter CAG repeat lengths may tend to be subject to a pathological process in the androgen responsive cells.
There were no significant relations found between CAG repeat length and disease severity indexes, such as seropositivity and rheumatoid nodule positivity, in our male and female RA patients. However, the number of seronegative patients and those with nodules was too small to draw a definitive conclusion.
In summary, this study shows the possible role of variants of the androgen receptor as a modulating factor in male RA patients. However, the biological mechanism of the disease modulation should be further investigated. 
